communal nursing cooperation house mice oxytocin peripheral administration social partner Oxytocin manipulation has been implicated in the facilitation of social and cooperative behaviours, either through increasing positive and cooperative social interactions, or facilitating bond formation. Here we aimed to determine whether peripheral administration of oxytocin would affect the propensity of unrelated female house mice, Mus musculus domesticus, to cooperate. To investigate this, we used female house mice, with their cooperative ability to communally nurse offspring. Pairs of unfamiliar females received intraperitoneal injections of oxytocin over a 3-day cohabitation period. Following this initial phase, a male was introduced and allowed to mate with the females. We monitored how long it took females to establish and successfully cooperate in the raising of a communal litter. Oxytocin did not affect the females' ability to reproduce. However, oxytocin-treated females took significantly longer to establish a successful communal litter (with pups of both partners being weaned) than saline-treated control females. This delay in communal nursing was due to higher pup mortality and loss of first-born litters in the oxytocin group during their first reproductive event. We conclude that administration of exogenous oxytocin during the early stages of the female relationship delayed the tendency of female house mice to affiliate and cooperate in rearing a communal litter. Our findings contribute to the growing field of oxytocin-based studies and sheds light on the potential long-term effects of oxytocin during early pairwise social interactions.
Oxytocin manipulation has been implicated in the facilitation of social and cooperative behaviours, either through increasing positive and cooperative social interactions, or facilitating bond formation. Here we aimed to determine whether peripheral administration of oxytocin would affect the propensity of unrelated female house mice, Mus musculus domesticus, to cooperate. To investigate this, we used female house mice, with their cooperative ability to communally nurse offspring. Pairs of unfamiliar females received intraperitoneal injections of oxytocin over a 3-day cohabitation period. Following this initial phase, a male was introduced and allowed to mate with the females. We monitored how long it took females to establish and successfully cooperate in the raising of a communal litter. Oxytocin did not affect the females' ability to reproduce. However, oxytocin-treated females took significantly longer to establish a successful communal litter (with pups of both partners being weaned) than saline-treated control females. This delay in communal nursing was due to higher pup mortality and loss of first-born litters in the oxytocin group during their first reproductive event. We conclude that administration of exogenous oxytocin during the early stages of the female relationship delayed the tendency of female house mice to affiliate and cooperate in rearing a communal litter. Our findings contribute to the growing field of oxytocin-based studies and sheds light on the potential long-term effects of oxytocin during early pairwise social interactions. © 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
The oxytocinergic system has been implicated in the facilitation of a variety of social and cooperative behaviours as well as the suppression of the stress response (Carter, Williams, Witt, & Insel, 1992; Carter & Wilkinson, 2015; Crockford, Deschner, Ziegler, & Wittig, 2014; Crockford et al., 2013; McCarthy, 1990; Mooney, Douglas, & Holmes, 2014; Popik, Vetulani, & van Ree, 1992; Smith, Ågmo, Birnie, & French, 2010; Witt, Carter, & Walton, 1990; Wittig et al., 2014) . Over the last couple of decades evidence for the role of the peptide hormone oxytocin (OT) in the facilitation of social bonding, affiliative and cooperative behaviours has accumulated in a range of species (Anacker & Beery, 2013; Beery & Zucker, 2010; Carter & Wilkinson, 2015; Crockford et al., 2013; Mooney et al., 2014; Wittig et al., 2014) . While central administration of OT was thought to be essential, current evidence indicates that peripheral administration also induces behavioural effects (McCarthy, 1990; McCarthy, Bare, & vom Saal, 1986; Mooney et al., 2014; Popik et al., 1992; Smith et al., 2010) , which has simplified manipulations in less traditional species (such as primates and humans). For example, virgin and pregnant female house mice, Mus musculus domesticus, demonstrated decreased infanticidal behaviour towards pups placed in their homecage after subcutaneous injection with OT (McCarthy et al., 1986) , and female prairie voles, Microtus ochrogaster, demonstrated a preference for a previous male cohabitation partner after receiving peripheral pulses of OT (Cushing & Carter, 2000) . Additionally, huddling and partner-seeking behaviour were facilitated by intranasal OT in male and female marmosets, Callithrix penicillata (Smith et al., 2010) . In the context of cooperation, subcutaneously injected OT increased a range of cooperative behaviours including pup feeding, digging and guarding behaviours in wild meerkats, Suricata suricatta (Madden & Clutton-Brock, 2011), and intranasal administration of OT increased time spent allogrooming in the common vampire bat, Desmodus rotundus (Carter & Wilkinson, 2015) . Furthermore, elevated OT levels were found in chimpanzee, Pan troglodytes, urine following sociopositive or cooperative interactions, such as food sharing with conspecifics (Wittig et al., 2014) and grooming with a preferred partner (Crockford et al., 2013) .
